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The static dielectric constant of Rb~ZnBr~ was measured as a function 
• ~ 4 .  
of temperature for a number of dlfferent slngle crystals. In a part of 
the samples a Curie-Weiss behaviour was observed at the lock-in tran- 
sition from the incommensurate to the commensurate phase. Besides, in 
a few samples, a deviation of this behaviour was observed which can be 
ascribed to the appearance of solitons yielding a soliton density n 
s 
proportional to (T-T. c )~'. At temperatures÷ below T c two new peaks are 
observed in the dlrectlon of the a-axis. 
In the last few years there is a strongly 
growing interest in systems which show an incom- 
mensurate modulated structure. This new incom- 
mensurate phase is characterized by the fact 
that below a certain transition temperature T i a 
new periodic lattice distortion appears, charac- 
terized by a wave vector qi = q_(1-~) whlch does 
not fit into the original underlying lattice 
periodicity. 6 << I denotes the relative devia- 
tion from the nearby commensurate wave vector 
qc = T/p, where T is a reciprocal lattice vector 
and p an integer. This incommensurability im- 
plies the loss of the usual translational sym- 
metry of the crystal which, however, is usually 
recovered by cooling down below a new critical 
temperature Tc, where a so-called "lock-in tran- 
sition" takes place and the modulation becomes 
commensurate (6 ~ 0) again• 
For temperatures just below T. it is 
usually assumed that the modulatlon can be des- 
cribed simply by a sinusoidal distortionl; how- 
ever, for temperatures well below T i several 
authors have predicted that this simple descrip- 
tion should break down and that the incommen- 
surate phase will consist of almost commensurate 
regions, separated by narrow domain walls or 
"phase solitons", where the phase of the modula- 
tion changes rapidly2, 3. According to this pic- 
ture, the transition to the commensurate phase 
at T c takes place by a continuous growth of 
these different commensurate regions at the ex- 
pense of the domain walls. Thus, unlike earlier 
suggestions, the lock-in transition should not 
be described by a discontinuous change of an 
order parameter, but rather by a continuous 
vanishing of the soliton density on approaching 
T c from above. Unfortunately, it is difficult 
to distinguish unambiguously between these two 
theoretical models on the basis of existing 
experiments. Therefore, we decided to extend our 
work on RbpZnBr 4 1,4,5 reported previously by 
measuremenZs of the static dielectric constant. 
Here, we present experimental results obtained 
from a number of different single crystals. For 
some of the samples we have observed a straight 
forward Curie-Weiss behaviour, whereas i~ other 
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cases the experimental results can be interpre- 
ted as being due to the presence of solitons. 
Therefore, it looks as if the proposed soliton 
picture is sample dependent. In addition, below 
T c we have observed two new peaks in the dielec- 
tric constant for a field direction along the 
a-axis, confirming the recently reported new 
phase transitions found by Raman 6 and far-infra- 
red work 5 . 
In Rb_ZnBr~ the incommensurate phase lies 
between T i = 355 and T c = 200 K wlth qi = 
(I-$)c+~/3 and a modulation amplitude along the 
~-axis (here a ~ /3 b)• Below Tc, Rb_ZnBr, is 
ferroelectric with a polarization in'the ~irec- 
tion of the modulation amplitude7-10. Several 
single crystals were grown by slow evaporation 
from an aqueous solution; from these bulk crys- 
tals, different thin plates were cut with the 
~lanes either perpendicular to the ferroelectric 
b-axis or to the a-axis. These samples were 
placed in a guard-ring type capacitor and the 
dielectric constant was measured in a conven- 
tional way using a bridge circuit and an alter- 
nating electric field, with an amplitude of 
about 15 V/cm and a measuring frequency of I kHz. 
In order to vary the temperature, the capacitor 
was placed in the chamber of a gas-flow cryostat 
filled with He gas. 
The measurements for the dielectric con- 
stant E b with the field along the ~-axis appear- 
ed to be strongly sample dependent. Fig• I shows 
two typical examples of e b as measured on two 
samples cut from two different single crystals. 
For a transition to a ferroelectric state, one 
normally expects a sharp peak in the dielectric 
constant along the ferroelectric axis near the 
transition point, as illustrated on the measure- 
ments shown in Fig. ]a. The small hysteresis 
in temperature (~ 4 K between cooling and heat- 
ing run) seems to be intrinsic and is not due 
to an experimental error in temperature stabi- 
lization. In the measurements illustrated in 
Fig. Ib, the transition manifests itself as a 
broad maximum in ~ , also showing a much bigger 
• . b 
hysteresls in temperature (~ 14 K). In both 
cases, a second anomaly in ~b can be seen below 
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The dielectr ic constant eb measured along the b-axls of Rb2ZnBr 4 
for two samples ,  o r ig inat ing  f rom two d i f fe rent  s ing le  c rys ta l s .  
T c denotes the posit ion of the peak in Eb, and T' indicates the 
c 
p lace  o f  an add i t iona l  anomaly in  ~b" In  F ig .  l a ,  the  tempera -  
tures T and T' are connected to the heating run. In Ib, these 
c c 
temperatures  be long  to  the  coo l ing  run .  
the maximum, as indicated by the arrows in the 
f igure and denoted by T and T' respectively.  
c This effect can be seenCeven more clearly in 
Fig. 2 where the dielectr ic constant e~ as mea- + 
sured with the f ield along the a-axls is plotted 
as a function of temperature. Though the change 
in ea is only a few percent of the change in 
eb, one sees two maxima at T c and T~ part icular-  
ly clear in the heating run. Below T~, two new 
peaks in e a are observed at 113 and 78 K res- 
pectively. 
The data of Fig. la can be f i tted very well  
by a Curie-Weiss law 
eb = eb + T - T' (I) 
c 
with E b = 6.83, a = 202.6 K and a Curie-Weiss 
temperature of T$ = 189.5 K for the heat ing run 
(see Fig. 3a) whzch has its max imum at T c = 
199 K. Note that this Curie temperature T~, 
which is smaller than Tc, shows up as the second 
anomaly in Fig. la. Remarkably,  a similar 
attempt to fit the data of Fig. Ib to a Curie- 
Weiss law was not successful. 
From a theoret ical  point of view, DvSrak 
and Petzelt 11 have descr ibed the dielectric ano- 
maly by 
~b = ~b + S ( !  2 + ) 
~K ~K 
(2) 
where S denotes the osci l lator strength, and 
and ~ the frequencies of the infrared active 
K . K 
ampl l tudon and phason modes respectively,  with 
wave vector  K = ~-3q i .  The amplmtudon mode 
softens near Ti, but wi l l  orgy vary smoothly at 
2 Therefore the effect on e is mainly  deter G" b - 
mlned by the softening of the phason branch. 
Comparing Eq. (2) with Eq. (I), the temperature 
dependence of this softening is then given by 
2 
~K = ~(T-  T')c ' (3) 
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The dielectr ic constant ea measured along the a-axls of Rb2ZnBr h 
indicat ing phase transit ions at 78 and 113 K. Note the two 
anomalies around the lock- in transit ion. 
and below T the phason contr ibut ion should 
c 
disappear, resul t lng in a quick drop in eb in 
accordance with the results as p lotted in 
Fig. la. 
The dif ferent behaviour  of e , as shown in 
• b . 
Fig. Ib, can be interpreted by adapt lng the 
sol i ton picture to the dielectr ic  constant 
measurements by construct ing the fo l lowing sim- 
pl i f ied model. Consider the crystal as being 
bui ld up of commensurate and incommensurate 
domains with a die lectr ic  constant e c and e i 
respectively.  This should be a reasonable 
approximat ion for temperatures not too close to 
TZ, as the domain wal ls  are not yet very sharp. 
e c is expected to vary only slowly with tempe- 
rature because the commensurate domains are 
already in the ferroelectr ic  state, whereas for 
e ~ we take the observed Curie-Weiss behaviour  
ei~(T_T )-I. The total  d ie lectr ic  response wi l l  
be th@ ~eighted sum of the two contr ibut ions s c 
and e ~. When n c denotes the density of commen- 
surate regions and n that of the incommensurate 
• , s . 
ones, the dlelectr lc constant wi l l  be 
co  
E b = e b + n e c + n s i (4) 
c s 
For temperatures T above T c n c = 0 and n s = I, 
whereas be low T c we have n c = I and n s = 0. On 
approaching T c from above, 9c wi l l  grow at the 
expense of n s but because el~(T-Tc)-1 , the main 
temperature effect wi l l  come from the incommen- 
surate regions. Thus 
Sb-  eb = ns ( ~ )  " (5) 
c 
According to recent theoret ical  calculat ions by 
Natterman 12 the temperature dependence of the 
sol iton density is expected to vary as 
! 
n ~ (T -  T )2 (6) 
s c 
With a Curie temperature T' < T , we get from 
c c 
Eq. (5) and Eq. (6) 
~b - ~[ = ~ (7) 
(T - T ' )~  " 
c 
In Fig. 3b we have plotted the data of Fig. Ib 
i v = 
as a funct ion of (T-Tc)-~ , with T c 156 K. As 
can be seen from the f igure, the data agree very 
wel l  wi th Eq. (7) with e~ = 6.72 and ~ = 60.] K ~, 
except for the temperature region close to T c- 
Note that again the Curie temperature T$ shows 
up as an anomaly in the eb(T) curve and that 
T$ < T c = 176 K. This means that the dif ferent 
temperature dependence of ~b near T c can be 
ascr ibed by the creat ion of commensurate domains 
on approaching T c from above, y ie ld ing a sol iton 
density with a temperature dependence as given 
in Eq. (6). This latter is also in agreement with 
recent NMR work on Rb2ZnCI  4 13 and Rb2ZnBr 4 14, 
but di f fers s igni f icant ly f rom McMi l lan's  2 theo- 
ret ical  result of n s = ~n-I[(T-Tc)/Tc].  It should 
be emphasized that our experiments indicate that 
the proposed sol i ton p icture depends strongly on 
the specif ic single crystal  understudy. The 
or ig in of this pronounced sample dependence pro-  
bably l ies in the presence of d is locat ions which 
can favour the bui ld ing up of commensurate 
regions 15. This may also effect the actual tem- 
perature where the t rans i t ion takes place, and 
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Fig. 3a: 
3b: 
The dielectric constant E b of the sample of Fig. la plotted as 
a funct ion  o f  (T -T~)  -1 , showing  a Cur ie -Weiss  behav iour  w i th  
T' = 189.5 K. 
C 
The dielectric constant ~b of the sample of Fig. ]b plotted as 
! 
a function of (T-T~) -~ , yielding e b = ab + ~(TIT~ )-2 as predic- 
ted f rom a so l i ton  mode l .  
explains the variety of observed Tc's as re I 
ported in the literature. 
The anomalies in the dielectric constant 
along the a-axzs at 78 K and 113 K indicate 
additional phase transitions. Raman experiments 
done by Francke et al.16 showed a mode softening 
in the a(c c)b geometry from which a transition 
temperature of 140 ~ 10 K is extrapolated. A 
comparison of these results with the data from 
the measurements of the dielectric constants as 
shown in Fig. I and Fig. 2 indicate that the 
actual transition point should be connected 
with the anomaly in. Sa.at 113 K. In our previous 
far-infrared transmmsslon experiments, we ob- 
served a phase transition of apparently first 
order around T = 50 K, accompanied by a change 
in the optical activity in the a,b plane 5. How- 
ever, from Figs. I and 2 one sees that no such 
indication can be found neither in e b nor in E a. 
But if the low temperature data of Fig, 2 are 
plotted as a function of (To-T)-I (see Fig. 4), 
again they can be fitted by a Curie-Weiss rela- 
tion 
= E + -  (8 )  
Ea a T -T  ' 
O 
with ~= = 5.43, ~ = 13 .71K for 5 < T < 56 K, 
and wi~h c~ = 5.73, ~ = 5.49 K for 56 < T < 70K,  
whereas for both cases T O = 77.8 K. The transi- 
tion point between the two fits appears as a 
small shoulder at 56 K in Fig. 2. Therefore we 
are inclined to conclude that both temperatures, 
T = 56 K and T = 78 K, are connected to the same 
phase transition. This transition will then be 
accompanied by a soft mode, with critical tem- 
perature T o = 78 K, whereas the actual transi- 
tion takes place at 56 K, resultin~ in a change 
in the optical activity along the a-direction. 
Summarizing, we have observed a Curie-Weiss 
like behaviour of the dielectric constant s b of 
Rb2ZnBr 4 at the lock-in transition from the in- 
commensurate to the commensurate phase. Besides, 
in a few samples, a smearing of the anomaly in 
Bb was observed, which tentatively can be as- 
cribed to the appearance of solitons, in agree- 
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F ig .  4 : The dielectric constant c a of the sample of Fig. 2 plotted as 
a function of (T -T) -I, with T = 77.8 K, showing a Curie-Weiss 
O O 
behaviour, with different Curie constants above and below a 
critical temperature T = 56 K. 
ment with a temperature dependence 9f the soli- 
ton density of the type n s ~ (T-Te)f. The 
appearance of these solitons seems to be sample 
dependent and might be connected to the presence 
of dislocations. In addition, below Tc, two new 
peaks are observed in an, one which can he as- 
cribed to the transition point of the soft mode 
as observed by Raman spectroscopy 6, whereas the 
other one indicates that the phase transition 
observed earlier 5 at roughly 50 K actually 
occurs at 56 K and is accompanied by the soft- 
ening of a mode at a critical temperature 
T o : 78 K. 
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